Microseismic events commonly occur during the excavation of long wall panels and often cause rock-burst accidents when the roadway is influenced by dynamic loads. In this paper, the Fast Lagrangian Analysis of Continua in 3-Dimensions (FLAC3D) software is used to study the deformation and rock-burst potential of roadways under different dynamic and static loads. The results show that the larger the dynamic load is, the greater the increase in the deformation of the roadway under the same static loading conditions. A roadway under a high static load is more susceptible to deformation and instability when affected by dynamic loads. Under different static loading conditions, the dynamic responses of the roadway abutment stress distribution are different. When the roadway is shallow buried and the dynamic load is small, the stress and elastic energy density of the coal body in the area of the peak abutment stress after the dynamic load are greater than the static calculations. The dynamic load provides energy storage for the coal body in the area of the peak abutment stress. When the roadway is deep, a small dynamic load can still cause the stress in the coal body and the elastic energy density to decrease in the area of the peak abutment stress, and a rock-burst is more likely to occur in a deep mine roadway with a combination of a high static load and a weak dynamic load. When the dynamic load is large, the peak abutment stress decreases greatly after the dynamic loading, and under the same dynamic loading conditions, the greater the depth the roadway is, the greater the elastic energy released by the dynamic load. Control measures are discussed for different dynamic and static load sources of rock-burst accidents. The results provide a reference for the control of rock-burst disasters under dynamic loads.
Introduction
The sudden release of the elastic energy accumulated in an ore body around a mining working is likely to induce a rock-burst accident [1] . Resulting in coal and rock being thrown onto the roadway accompanied by loud sounds, and they cause vibrations and damage to the coal and rock mass, damage to brackets and equipment, casualties, and severe deformation of roadways [2, 3] . With the increasing demand for and production of coal, the depth of coal mines is increasing, and rock-burst disasters are becoming increasingly serious. In China, there have been more than 170 pairs mines have a rock-burst potential, in which more than 4000 rock-burst accidents have occurred, causing hundreds of casualties and damaging more than 30 kilometers of roadways [4] . The rock-burst is caused by the sudden release of a large amount of elastic energy stored in the rock mass, so the rock-burst accident is more likely to occur in the high-stress coal or rock mass. However, the accumulation of a large amount of elastic energy in the coal or rock mass is only a precondition for the occurrence of rock-burst. The disturbance of the external dynamic load may be one of the key factors triggering the occurrence of rock-burst [2] . Therefore, high stress areas have higher rock-burst potential. However, the accumulation of a large amount of elastic energy in a high stress area of a rock mass is only one prerequisite for the occurrence of a rock-burst; an external dynamic load disturbance is also a key factor causing a rock-burst. Therefore, studying the roadway deformation and the rock-burst potential under different superposed dynamic and static loads can increase the understanding of the mechanism of rock-bursts and the choice of control technology. By considering the influences of the roadway excavation area, support mode and rock mass characteristics, numerical simulations have become one of the main means to study roadway stability and rock-burst potential [20] [21] [22] [23] . In this paper, the FLAC3D numerical simulation software is used to study the deformation process and rock-burst potential of the roadway due to the superposition of different static and dynamic loads. The results can provide guidance for the assessment of the roadway rock-burst potential and the control of rock-bursts induced by dynamic loads.
Model Description

General Engineering Geology Conditions
The research object is Zhaogu No. 2 Coal Mine, which is located in Xinxiang City, Henan Province, China. The area is flat, and the mining is performed using comprehensive mechanized coal mining technology. The panel adopts the retreat longwall mining method to extract the coal seam, and use caving method for the goaf without backfill. The coal seam is 5.2-6.6 m thick with an average thickness of 6.2 m. It has a simple structure and is a nearly horizontal, stable and thick coal seam [21, 24] . This paper focuses on the tailgate of Panel 11050 in the Zhaogu No. 2 Coal Mine. Panel 11050 is 600 m deep (the blue line in Figure 2 is the contour of the coal seam floor), 180 m wide, and the strike length is 2000 m, as shown in Figure 2 . When the Panel 11010 extracted step by step, form a void (goaf) behind the work face, rocks fall from the roof and fill the goaf. However, the goaf of the Panel 11010 is far from the tailgate of Panel 11050, and the Panel 11010 has little effect on the tailgate of Panel 11050. The tailgate of Panel 11050 is driven along the roof of the coal seam. The cross-section of the roadway is rectangular, the roadway is 4.8 m wide and 3.3 m high. The support design scheme is shown in Figure 3 . The rebar bolts have a length of 2.4 m, a diameter of 20 mm and a spacing of 800 mm × 800 mm. The cable bolts have a length of 8.25 m, a diameter of 21.6 mm and a spacing of 800 × 1300 mm. The anchor lengths of the anchor and the anchor cable are 1200 mm and 2400 mm, respectively. 
Development of Numerical Models
A numerical simulation model of the tailgate of Panel 11050 is established based on its geological profile. The model is 50 m long, 50 m wide and 40 m high, as shown in Figure 4a . During the roadway excavation and coal extraction of the Panel 11050, micro-seismic events will occur due to roof breaking or structural plane slip induced by mining. The dynamic load will cause the roadway deformation and rock-burst potential to increase. This paper mainly simulates the deformation and rock-burst potential of roadways under different superposed dynamic and static lodes. To reduce the impact of the rock structure on the simulation results, the structure of the strata around the roadway is simplified; the roadway is excavated in the coal seam, the roof is composed of mudstone, the floor is composed of sandstone, and no coal is left behind on the top and bottom. The displacement of the side boundary of the numerical model is fixed. The mechanical parameters of the rock mass (Table 1) are estimated based on the complete rock characteristics and the generalized Hoek-Brown failure criterion. The mechanical parameters of intact rock are determined in the laboratory [24] . A strain-softening constitutive model based on the Mohr-Coulomb criterion is adopted, and Figure 1 shows the rock mass parameters [24] [25] [26] . The cable bolts and steel bolts are regarded as structural elements. This type of element is embedded in FLAC3D to simulate the roadway support. The support form of the roadway is shown in Figure 4b , and Table 2 gives the parameter values of various abutment structural elements. E i is the elastic modulus, υ is Poisson's ratio, C is the cohesion, σ t is the tensile strength, ϕ is the friction angle, c r is the residual cohesion, ε p is the plastic parameter at the residual strength. 
Simulation Methodology
Rock-bursts are closely related to mining depth, and mining depth is one of the main geological factors affecting rock-bursts. Statistical analysis shows that the possibility of a rock-burst increases with an increase in the mining depth. To study the deformation characteristics of the roadway under different superposed dynamic and static loads, the initial vertical stress is set to 10 MPa, 20 MPa and 30 MPa, and the corresponding depths of the coal seam are 400 m, 800 m and 1200 m, respectively, if we assume that the bulk density is 25 kN/m 3 . The horizontal-to-vertical stress ratios σ x , σ y are 1.2 and 0.8, respectively, based on a study carried out at a nearby mine.
The propagation of a seismic wave excites the particle velocity of the rock mass, and there is a strong correlation between the particle velocity and damage to the rock mass. A high-energy microseismic event will generate a high particle vibration velocity in the coal and rock mass near the mining working, which in serious cases will cause a rock-burst accident. Mutke et al. [27, 28] using the velocity sensors, combined with the near-field peak particle velocity (PPV) empirical formula induced by the microseismic event in the Upper Sicilian Coal Mine, the PPV of the rock-burst position is measured and calculated. Statistical analysis of 120 rock-burst accidents during the period from 1988 to 2006 in the Upper Sicilian Coal Mine showed that 90% of the rock-burst accidents were induced by seismic events, and the PPVs values in the areas where the rock-bursts occurred were mainly concentrated in the range of 0.05 m/s to 1.0 m/s. Table 3 lists the effects of seismicity on the rock-burst potential. Therefore, four gradients of 0.2 m/s, 0.6 m/s, 1.0 m/s and 1.4 m/s are selected to simulate dynamic loads of different magnitudes. The waveforms of the four dynamic loads are shown in Figure 5 . The vibration is a semisine wave, the frequency is 20 Hz, and the vibration time is that for one cycle [29] [30] [31] [32] . Wu et al. [33] analyzed the rock-burst potential of roadway under different buried depth conditions. The hazard level of roadway depth and rock-burst potential is shown in Table 3 . However, the current prediction and evaluation of rock-burst potential are independently studied from the two aspects of dynamic and static load. Therefore, it is meaningful to study the rock-burst potential under different superposed dynamic and static loads Table 3 . Quantitative assessment of the impact of seismicity on the rock-burst potential [27, 33] . During the static analysis, the boundary of the model is fixed. For the dynamic analysis, the boundary conditions of the model become viscous to prevent the model boundary from reflecting seismic waves. The numerical simulation process is shown in Figure 6 . The viscous boundary condition is based on the use of independent buffers (mechanical viscous dampers) in the normal and shear directions of the model boundary to effectively absorb the energy of the seismic waves, especially when the incident angle is greater than 30 • [34] . Local damping is selected as the form of damping.
Hazard Level of Roadway
The damping ratio of the rock is between 2% and 5%; therefore, 5% local damping is used in this study [35, 36] . When different dynamic loads are applied to the roadway, the deformation of the roadway increased to different degrees. Under the same static load, the larger the dynamic load is, the greater the increase in roof sag. Under the influence of the dynamic load, the roof sags of the roadway with different static loads show different variations; the greater the static load is, the greater the influence of the dynamic load is. When the PPV is 1.4 m/s, the roof sag of the roadway with a depth of 400 m increases by 0.044 m from 0.037 m to 0.081 m after the dynamic load. The roof sag of the roadway at 800 m depth increases by 0.12 m from 0.163 m to 0.283 m, and the roof sag of the roadway with a depth of 1200 m increases by 0.14 m from 0.363 m to 0.503 m. Therefore, the influence of the dynamic load on the roadway deformation is significantly lower when the static load is low, and the dynamic load of a roadway with a high static load is more likely to cause large deformation and even a rock-burst accident. Figure 7b shows that the rib convergence of the roadway is very similar to that of the roof sag under different superposed dynamic and static loading conditions, but under the same dynamic load, the rib convergence is slightly less than the roof sag. In contrast to the variations in the roof sag and the rib convergence, the floor heave of the roadway changes little when the dynamic load is applied to the top surface of the model. The main reason is that refractions and reflections occur when the vibration wave is transferred to the surface of the rock surrounding the roadway, resulting in a sharp decrease in the vibration wave transmitted to the floor, so the increase in the deformation of the roadway floor after the dynamic load is small. Figure 8 shows the variations in the plastic zone of the roadway under different superposed dynamic and static loads. The results show that the greater the depth of the roadway is, the wider the plastic zone in the surrounding rock is after the static calculation. Figure 8 shows that the areas of the plastic zones around the roadways with different depths affected by different dynamic loads expand to varying degrees. When the PPV is less than or equal to 0.2 m/s, the dynamic load has little effect on the area of the plastic zone, and the number of elements in the plastic zone increases only slightly. When the PPV is greater than or equal to 0.6 m/s, the area of the plastic zone is larger than that in the static calculation, especially when the depth of the roadway is 800 m, and the number of units in the plastic zone increases most significantly. When the depth of the roadway is 400 m, the number of units in the plastic zone increases the least. Figure 8a shows that when the depth of the roadway is 400 m, the plastic zone around the roof and the two ribs is large, and that around the roadway floor is small. After the dynamic load, the area of the plastic zone on both sides increases, and the areas of the plastic zones around the roof and floor increase slowly. When the PPVs are 0 m/s, 0.2 m/s, 0.6 m/s, 1.0 m/s and 1.4 m/s, the plastic zones around the roadway have areas of 2.6 m, 2.9 m, 3.2 m, 3.9 m and 4.2 m, respectively. When the PPV is 0.2 m/s, the plastic zone is very small due to the small dynamic load. When the depth of the roadway is 800 m, the area of the plastic zone around the floor after the static calculation is 4 m, which is greater than that when the depth of the roadway is 400 m. After the dynamic load, the area of the plastic zone around the roof and two ribs is obviously larger, and that of the floor is nearly unchanged. When the depth of the roadway is 1200 m, the variation in the plastic area under different dynamic and static loading conditions is similar to that when the depth is 800 m. However, a comparison of Figure 8b ,c show that when the depth of the roadway is 1200 m, the increase in the plastic area under the same dynamic load is less than that for the roadway depth of 800 m. When the roadway is buried at 1200 m, the plastic area after the static calculation extends 5.7 m from the free surface of the roadway. The ultimate strength of the coal body in the triaxial stress state is high because of the high confining pressure, so it is difficult to expand the plastic zone in the surrounding rock after the dynamic load. 
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Variation in the Abutment Stress under Different Superposed Dynamic and Static Loads
The position of the measuring point of the abutment stress is shown in Figure 9 . Figure 10 shows the variations in the abutment stress under different superposed dynamic and static loads. Figure 10a -c show the variations in the abutment stress under different dynamic loads at depths of 400 m, 800 m and 1200 m, respectively. The position of the measuring point of the abutment stress is shown in Figure 9 . A comparison of Figure 10a -c shows that as the depth of the roadway increases, the peak value of the roadway abutment stress after the static calculation increases, and the peak value of the abutment stress continuously shifts to the position of the coal body far from the rib. When the depths of the roadway are 400 m, 800 m and 1200 m, the peak values of the abutment stress are 19.6 MPa, 35.4 MPa and 51.95 MPa, respectively, and the distances from the roadway rib are 2.6 m, 3.6 m and 5.1 m, respectively. A comparison with the area of the plastic zone in Figure 8 shows that the peak abutment stress is located at the position of the elastoplastic boundary in the coal body. Figure 10a shows that when the depth of the roadway is 400 m and the dynamic load PPV is 0.2 m/s, the variation in the abutment stress is small after the dynamic load, and the dynamic load has different effects on the stress in the coal body in different regions. The vibration of the coal body less than 2.5 m from the roadway is reduced by the dynamic load. The stress in the coal body at distances greater than 2.5 m from the roadway is higher after the dynamic load, and the dynamic load causes the stress in the coal body at the position of the peak abutment stress to increase. After the dynamic load, the peak value of the supporting stress increases from 19.6 MPa to 21.4 MPa. The dynamic load first causes the stress in the plastic failure zone of the coal body to decrease. The small dynamic load (PPV < 0.2 m/s) does not cause plastic damage to the coal body in the region of the peak abutment stress, and the stress in the peak stress region maintains the state of energy storage. A comparison of the variation in the abutment stress under different dynamic loads in the red frame on the right side of Figure 10a shows that with a gradual increase in the PPV, the area of reduced abutment stress after the dynamic load also increases; at PPVs of 0.6 m/s, 1.0 m/s and 1.4 m/s, the greatest distances of the region of reduced support stress from the rib of the roadway are 2.8 m, 3.4 m and 3.7 m, respectively. These results show that the dynamic load has an increasing influence on the supporting stress with increasing dynamic load. Moreover, when the dynamic load is greater than or equal to 0.6 m/s, the coal body in the area of the peak abutment stress with the static load is seriously damaged by the dynamic load, and the stress is significantly reduced. The magnitude of the stress reduction is greater than in the coal body near the roadway, indicating that the elastic energy of the coal near the elastoplastic boundary of the peak stress region is one of the main energy sources for the rock-burst. The elastic energy that accumulates in the coal at this location is released suddenly due to the disturbance of the dynamic load, and the rock-burst potential is significantly increased. Figure 10b shows the changes in the bearing stress under different dynamic loading conditions when the roadway depth is 800 m. When the PPV is 0.2 m/s, the maximum distance between the area of reduced abutment stress and the rib of the roadway is 3.7 m. The peak abutment stress after the static calculation is 35.4 MPa, and the stress decreases after the dynamic load to 34.9 MPa. Therefore, under a high static load, a low dynamic load can still cause the peak abutment stress in the coal body to decrease. Therefore, the probability of a rock-burst induced by the superposition of a high static load and a weak dynamic load is greater in a deep roadway. The area in which the abutment stress is reduced and the decrease in the abutment stress are greater than with a roadway depth of 400 m, and the larger the dynamic load is, the larger the area and the greater the decrease in the support stress are. Figure 10c shows the changes in the abutment stress under different static loads when the roadway depth is 1200 m. A comparison of Figure 10b with Figure 11c shows that when the roadway depth is 1200 m, the influence of the dynamic load on the abutment stress of the roadway is essentially the same, but the range of variation of the abutment stress under the same dynamic load is slightly different. When the roadway depth is 1200 m, the reduction in the peak abutment stress is slightly smaller than when the roadway depth is 800 m. When the tunnel is buried at a depth of 1200 m, the dynamic load has little effect on the size of the plastic zone. Therefore, the position of the peak abutment stress does not change substantially under different dynamic loads, but the decrease in stress in the region of reduced stress still increases with increasing dynamic load. 
Variations in the Peak Abutment Stress and Elastic Energy Density under Different Superposed Dynamic and Static Loads
Studies have shown that the sudden release of elastic energy is often caused by the dynamic load, which can induce rock-burst accidents. Therefore, this section monitors the coal body in the region of the abutment stress under the dynamic load and studies the influence of the dynamic load on the peak abutment stress in the coal. The FISH language embedded in FLAC3D is used to program the strain energy density in the area of the peak abutment stress. The variation in the coal energy density in the area of the peak abutment stress under different superposed dynamic and static loads is studied. The strain energy density in the coal body in the area of the peak abutment stress (i.e., the strain energy of a unit body under a three-dimensional stress) is:
where σ 1 , σ 2 , and σ 3 are the maximum, intermediate, and minimum principal stresses of the unit in the numerical model, respectively, and E and ν are the elastic modulus and Poisson's ratio of the surrounding rock, respectively. Figure 11 shows the elastic energy density of the coal body in the area of the peak abutment stress under different superposed dynamic and static loads, and Figure 12 shows the variations in the stress in the coal body in the area of the peak abutment stress under different dynamic loads. Figure 12a shows that when the depth of the panel is 400 m and the PPV is 0.2 m/s, the vibration wave is transmitted to the region of the peak abutment stress, and the abutment stress gradually increases. As the vibration wave gradually subsides, the abutment stress gradually decreases, and the stress then goes down slightly and eventually stabilizes at 21.4 MPa, which is higher than the 19.6 MPa after the static calculation. The energy density of the coal body in the area of the peak abutment stress increases from 192.7 kJ/m 3 to 213.4 kJ/m 3 , and the dynamic load provides energy storage for the coal body at the peak abutment stress. When the dynamic load is greater than or equal to 0.6 m/s, the vibration wave is transmitted to the area of the peak abutment stress, causing a significant increase in the stress of the coal body; the greater the PPV is, the greater the magnitude of the stress increase is. After the stress reaches the maximum value, a significant drop occurs, and the higher the PPV is, the faster the decrease is, and the lower the stress after the dynamic load is. When the dynamic load PPVs are 0.6 m/s, 1.0 m/s and 1.4 m/s, the stress values after the dynamic load are 11.0 MPa, 8.02 MPa and 6.77 MPa, respectively, the energy densities are 145.4 kJ/m 3 , 56.9 kJ/m 3 and 38.6 kJ/m 3 , respectively, and the peak stress and elastic energy density are less than those in the static calculation. These results show that the dynamic load causes the coal body to be damaged in the area of the peak abutment stress; that the larger the dynamic load is, the greater the coal body damage is; and that the dynamic load induces a sudden release of elastic energy in the stress concentration area, which can easily cause a rock-burst accident. When the depth of the roadway is 800 m, the peak abutment stress after the static calculation is 35.4 MPa. When the PPV is 0.2 m/s, the peak abutment stress after the dynamic load is 34.9 MPa, which is slightly lower than the abutment stress after the static load. Moreover, Figure 12 shows that the PPV of 0.2 m/s causes a small amount of elastic energy to be released in the roadway at a depth of 800 m. The elastic energy density decreases from 684.9 kJ/m 3 to 680.3 kJ/m 3 . When the PPVs are 0.6 m/s, 1.0 m/s and 1.4 m/s, the stress values after the dynamic load are reduced to 29.3 MPa, 22.3 MPa and 18.7 MPa, respectively, and the elastic energy density decreases to 597.3 kJ/m 3 , 466.5 kJ/m 3 and 319.9 kJ/m 3 , respectively; the stresses and elastic energy densities are significantly lower than the static calculations. When the PPV is greater than 0.6 m/s, the coal body releases a large amount of elastic energy after the dynamic load. When the roadway depth is 1200 m, the influence of the dynamic load on the peak abutment stress of the roadway is similar to that of the roadway with a depth of 800 m. However, the peak abutment stress and the elastic energy density after the dynamic load are slightly less than with the roadway depth of 800 m. Although the magnitude of the peak abutment stress and the elastic energy density decrease slightly less than with the roadway depth of 800 m, the area where the abutment stress and the elastic energy density are reduced is much larger than with the roadway depth of 800 m. Therefore, the total energy released by the 1200-m-deep roadway after the dynamic load is still greater than that with the 800-m-deep roadway. 
Discussion
A rock-burst of a roadway due to a dynamic disturbance is a mechanical failure process under the influence of static and dynamic loads accompanied by energy consumption, release and conversion. When the roadway is shallow and the dynamic load is small (depth of 400 m, PPV of 0.2 m/s), only the coal body near the roadway's contour will be subjected to a stress reduction and elastic energy release after the dynamic load. The coal body far from the roadway is in a triaxial stress state due to the high confining pressure, and the bearing capacity of the coal body increases. The small dynamic load cannot cause plastic failure of the coal body at this position, and no elastic energy is released. Further damage to the coal in the plastic zone leads to increases in the stress and the elastic energy of the coal in the elastoplastic boundary area. When the depth of the roadway is 400 m and the PPV is greater than or equal to 0.6 m/s, the dynamic load causes the coal body in the area of high confining pressure to undergo plastic failure, the stress and the elastic energy density decrease sharply, and the dynamic load causes an increase in the rock-burst potential because of the release of the elastic energy of the coal body. When the depth of the roadway is 800 m, due to the increase in the static stress, a small dynamic load (PPV of 0.2 m/s) can cause decreases in the stress and elastic energy density of the coal body at the peak abutment stress; therefore, it is more prone to rock-bursts due to the high static load and low dynamic load. When the dynamic load is greater than or equal to 0.6 m/s, the reductions in the stress and elastic energy density of the coal body in the area of the peak abutment stress under the same dynamic loading conditions are much greater than with the roadway depth of 400 m. Therefore, a roadway at a large depth has a greater rock-burst potential under the same dynamic load than a shallower roadway.
Since the dynamic and static load sources that induce the rock-burst are different, corresponding control measures should be proposed for the specific load source. The results of Chapter 5 show that the high static load is more susceptible to the dynamic load and the energy released is much greater than the low static load. Therefore, taking appropriate measures to reduce the stress concentration of the coal body can effectively reduce the rock-burst potential. The pressure relief measures generally adopted for high static loads are: large diameter borehole pressure relief, coal seam water injection, deep hole blasting, etc., [37] . Mines with shallow depths generally have a small initial stress, but there may be large tectonic stresses in structural areas such as reverse faults and synclinal shaft. If the panel is not rationally arranged in the shallow coal seam, a large number of coal pillars are left, the mining activity may cause a significant increase in the static load of the coal pillar area, so the mining working also has a high rock-burst potential. Therefore, a reasonable arrangement of the panel avoids the occurrence of residual coal pillars that can effectively control the occurrence of rock-burst [38, 39] . Figure 13 shows the high static load source and control measures. The main sources of dynamic load during mine excavation are hard roof breaking and fault slip. The prevention and control of dynamic load induced rock-burst should focus on reducing the possibility of occurrence of large energy seismic events. For the dynamic load source of the roof breaking, the roof pre-cracking method can be used to reduce the breaking distance of the roof, thereby reducing the dynamic load released by the hard roof breaking. Backfilling mining methods can also be used to control the extent of roof fracture to ensure the stability of the hard roof and to control fault slip. Figure 14 shows the high dynamic load source and control measures. The fault slip load source can control the fault slip by using the fault coal pillar method with appropriate size. Generally speaking, a reasonable support system is the last line of defense against the occurrence of rock-burst. One of the critical considerations for rock-burst support is to ensure that the support systems can accommodate the levels of energy release in a coal burst. A constant-resistance large-deformation anchor (cable) capable of providing constant resistance and good elongation can reduce the rock-burst potential under the control of dynamic load. In addition, in order to ensure the stability of the roadway, the strength and distance of the advanced support should be strengthened [40] [41] [42] [43] . 
Conclusions
Based on the engineering background of the 11050 roadway in the Zhaogu No. 2 Mine, this paper uses the FLAC3D numerical simulation software to study the roadway deformation, the distributions of the abutment stress and the changes in the elastic energy density under different dynamic and static loading conditions. In addition, the rock-burst potential of the roadway under different dynamic and static loading conditions is analyzed. The results show that when the dynamic load PPV is less than or equal to 0.2 m/s, the increase value of the roadway deformation is small, and when the dynamic load is greater than or equal to 0.6 m/s, the deformation of the roadway increases significantly due to the dynamic load. Moreover, the amount of roof sag and ribs convergence are larger, and the value of the Floor heave is smaller. Under the same static load, the larger the dynamic load is, the greater the increase in the roadway deformation is, so a roadway with a high static load is more prone to deformation and instability.
The distribution of the abutment stress in roadways is greatly affected by the dynamic loads. Based on the variation in the abutment stress before and after the dynamic loads, the abutment stress can be divided into areas of increasing stress and areas of decreasing stress. Under the same static loading conditions, the larger the dynamic load is, the larger the area of stress reduction is, and the greater the stress reduction is. If the dynamic load causes the coal body in the area of the peak abutment stress to have a significant plastic failure, the elastic energy that has accumulated in the stress concentration region may be released suddenly due to the dynamic load, and a rock-burst accident is likely to occur.
The dynamic responses of the roadway abutment stress distribution under different depth conditions are different. When the roadway is shallow and the dynamic load is small (e.g., depth of 400 m, PPV of 0.2 m/s), the stress and elastic energy density of the coal body in the area of the peak abutment stress increase after the dynamic loading. When the dynamic load is large (e.g., PPV greater than or equal to 0.6 m/s), the peak abutment stress decreases greatly after the dynamic load with the roadway depth of 400 m, and the elastic energy in the coal body in the area of the peak abutment stress is released. Therefore, a roadway under a weak static load and strong dynamic load still has a high rock-burst potential. When the depth of the roadway is large (e.g., greater than or equal to 800 m), a small dynamic load (PPV less than or equal to 0.2 m/s) can still cause the stress and elastic energy density of the coal body in the area of the peak abutment stress to decrease. Therefore, it is highly probable that a high static load and a weak dynamic load will cause a rock-burst accident in a deep mine roadway. Under the same dynamic loading conditions, the greater the depth of the roadway, the greater the elastic energy released by the dynamic load.
The prevention and control of rock-bursts should be based on the specific dynamic and static load sources. For rock-bursts induced by high static loads, pressure relief measures (such as large diameter borehole pressure relief, coal seam water injection, etc,.) should be used to reduce the stress concentration in the coal and rock mass. For rock-bursts induced by strong dynamic loads, measures (such as roof pre-cracking, backfilling mining, etc.) should be taken to reduce the occurrence of high-energy seismic events. For rock-bursts induced by the superposition of dynamic and static loads, appropriate measures should be taken to reduce the occurrence of high-energy seismic events and at the same time, pressure relief measures are taken to reduce the stress concentration of coal and rock mass.
